We systematically investigate the effects of having Pt as a substrate and/or capping layer on the magnetism and magnetocrystalline anisotropy (MCA) of 3d transition metal (TMs; Cr, Mn, Fe, and Co) monolayers (MLs) by using a first-principles calculationl method. We found that Fe and Co MLs are ferromagnetic (FM) on a Pt(001) surface, but Mn and Cr MLs are antiferromagnetic (AFM). The magnetic moments are quite robust with additional Pt-capping. Furthermore, Pt-capping enhances the small perpendicular MCA (meV) of Fe/Pt(001) significantly to 4.44 meV. Our electronic structure analyses indicate that strong hybridization between Pt-5d and TM-3d orbitals plays a crucial role in determining magnetic ordering and MCA. For comparison we also calculated magnetism and MCA of 3d TM MLs on Ta(001) with and without Ta-capping.
INTRODUCTION
Interface magnetism between magnetic and nonmagnetic (NM) layers has been a topic for both theoretical and experimental study during the last few decades. [1] [2] [3] The natural magnetic state of a 3d transition metal (TM) (e.g., Cr, Mn, Co, or Fe) may turn to a different magnetic ordering when the TM is deposited on a nonmagnetic (NM) substrate. For example, a Fe film exhibits an antiferromagnetic (AFM) ground state on W(001) [4] [5] [6] or Rh(001) surfaces, 7 whereas its ferromagnetic (FM) ordering is retained on other substrates such as Pd 8 and Pt. 9 Blügel et al. predicted that a Pd(001) surface does not modify the magnetic structure of 3d TMs, i.e., the FM states of Fe and Co and the AFM states of Cr and Mn, 8 but their magnetism is modified on a W(001) surface. 6 The interface magnetism induced via hybridization with nonmagnetic 5d TMs does not just simply modify the magnetic behavior of 3d TMs, but rather their inherent features, with stronger spin-orbit coupling (SOC) of 5d TMs compared to 3d TMs, could lead to larger MCA. 10 11 For instance, an enormous MCA of 9.3 meV per Co (about * Author to whom correspondence should be addressed.
200 times larger than that of bulk Co) was observed experimentally in Co adsorbates on a Pt substrate. 12 Some recent experimental studies showed that Au/Co/Au can have a larger perpendicular MCA. 13 14 Numerous ab initio studies also proved that the MCAs of 3d TMs are significantly enhanced when underlying or capping 5d TMs are present. For example, Tsujikawa et al. reported that small MCA of an Fe monolayer (ML) on a Pt(001) surface was enhanced considerably with an additional Pt-capping layer. 15 In an analogous manner, such enhancement of the MCA is also feasible at interfaces between 3d and 4d TMs, e.g., in Pd/Co/Pd(001). 16 In this study, we investigated the magnetic structures and MCA of 3d TM (Cr, Mn, Co, and Fe) MLs on a Pt 
COMPUTATIONAL METHOD
Density-functional-theory calculations were performed using the projector augmented wave (PAW) pseudopotential method, as implemented in the Vienna ab initio simulation package. [17] [18] [19] The exchange-correlation interaction between electrons was described using the generalized gradient approximation (GGA) formulated by Perdew, Burke, and Ernzerhof. 20 Spin polarization was taken into account for all the calculations. Our model geometry consists of seven-layers of Pt(001) plus a ML of 3d TM on each surface with z-reflection symmetry. Figure 1 shows the atomic structure of the top half of the presently adopted systems. A four-fold hollow site is calculated to be most stable for the 3d TM-adsorbent site. In-plane lattice constant of 3.92 Å for Pt taken from the experimental value is used throughout this work. Interlayer spacing between the 3d TM MLs and the interface Pt layer were fully optimized while the inner Pt atoms were kept fixed in their bulk positions. An empty space of about 12 Å was given along the normal on the surface for the vacuum in the present supercell. An energy cutoff of 400 eV was used for the plane-wave basis. The two-dimensional Brillouin zone was sampled with k-point meshes of (21 × 21) according to the scheme of Monkhorst and Pack for the MCA calculations.
RESULTS AND DISCUSSION
In order to determine magnetic ground states, we calculated the total energies of the 3d TM MLs on Pt(001) in NM, FM and AFM states. The calculated total energy differences defined as E = E AFM − E FM are shown in Figure 2 . The magnetic orderings of the 3d TM MLs on Pt(001) are the same as those in bulk; the early TM (Cr and Mn) MLs are AFM and the late TM (Fe and Co) MLs are FM. A similar trend was also observed for Pd and Ag substrates in previous studies. 8 21 The calculated magnetic moments of 1(TM)/Pt(001) with/without Pt-capping are summarized in Table I . The Pt(001) substrate enhances magnetic moments of the TM This indicates that the enhancement of magnetic moments is mainly ascribed to the strong hybridization between TM-3d and Pt-5d orbitals, rather than the reduced dimension from bulk to ML-sized. Table II 
CONCLUSION
In summary, we used first-principles calculations to study the magnetism and MCA of 3d TM MLs on Pt(001) surface with/without additional Pt-capping layers. We found that Fe and Co MLs on the Pt(001) substrate show FM ground states whereas Cr and Mn MLs favor the AFM ground states. The calculated magnetic moments of the 3d TM MLs on Pt(001) were not affected by the Pt-capping layer. Among the systems studied, only 1(Fe)/Pt(001) shows a perpendicular MCA energy (+ 0.80 meV). Interestingly the Pt-capping further enhances the perpendicular MCA energy to as large as + 4.44 meV/Fe, whereas Tacapping turns the perpendicular MCA of 1(Fe)/Ta(001) to a parallel one.
